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GLASS FIBER REINFORCED C F.MF.NT T .INERS FOR PIPELINES AND 

CASINGS 

BACKGROUND OF THE INVENTION 

Field of the Invention 

5 This invention relates to methods of lining pipes, and to pipes so lined, exposed to 
corrosive environments particularly to cement liners for metal pipe that carry corrosive 
fluids. 



Background 

Cement is used to line pipes that are conduits for corrosive or otherwise hard to handle 
10 compositions. One class of such corrosive compositions that must be transported 
through pipes is geothermal brines used to extract power from the earth. Although the 
cement used to line such pipes can be standard portland cement used without any special 
additives, many special cements are used for this purpose. For example, U. S. Patent 
5,122,554, said patent incorporated by reference in full herein, describes enhanced 
15 polymer concrete compositions. Polymer cements have the disadvantage of being more 
costly to produce than cements hydrated with water. However, water hydrated cements 
are subject to cracking caused by dry shrinkage during manufacture and storage, 
mechanical jarring during fabrication into pipelines, and corrosion and erosion during 
use as pipelines. The cracks propagate until they penetrate through the cement liner and 
20 allow the corrosive contents of the pipe to contact the metal shell of the pipe, which, in 
turn, causes metal corrosion and the eventual failure of the pipe. 

It would be advantageous to have a liner that was less costly to produce and did not 
crack or otherwise expose the supporting metal of the pipe to the corrosive contents of 
the pipeline. 
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SUMMARY OF THE INVENTION 



According to one aspect of the invention, there is provided a lining for metal pipes 
comprising cement, between about 1 to 10 dry wt% glass fibers, and between 25 and 50 
wt% silica flour added to the cement. 

5 According to another aspect of the invention, there is provided a method for making 
cement lined pipes comprising: hydrating a dry mixture comprising between 50 and 75 
wt% cement and between 25 and 50 wt% silica flour enough to form a homogenous 
slurry; adding glass fibers; mixing the slurry until the glass fibers are evenly mixed 
throughout the slurry; and placing the cement slurry on the interior surface of metal 



According to a further aspect of the invention, there is provided a conduit for containing 
corrosive liquids comprising: an outer metal shell; and a ce ment lin ing attached to the 



interior surface of the shell, said lining including at least some fibers. 



A cement reinforced with micro fibers and/or macro fibers is preferably used to line 
15 pipes. The pipes are typically lined with between about a 1/8 inch to 1/2 inch layer of 
the cement comprising between about 50 to 75 dry wt% cement, between about 1 to 10 
dry wt% glass fibers, and 25 to 50 dry wt% silica flour. The pipes so lined are 



corrosion resistant, and, in particular, they are especially resistant to the corrosion 
caused by geothermal fluids. 

20 The corrosion resistant pipes may be made by adding enough water to a mixture of 
between 50 and 75 wt % cement, and between 25 and 50 wt% silica flour to form a 
homogenous slurry, adding glass fibers to the slurry and mixing the slurry with the 
added glass fibers until the glass fibers are evenly mixed throughout the slurry. The 
slurry may then be placed in a metal pipe and distributed on the interior surface of the 

25 pipe. Preferably, if the pipe is cylindrical, it is rapidly rotated around its axis to evenly 
distribute the slurry on the inside surface of the pipe. 






The pipes made by this invention preferably provide a conduit for containing corrosive 
liquids. The pipes may comprise a metal shell, and a cement lining usually between 
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about 1/8 inch and 1/2 inch thick in the interior of the metal shell. If the pipe is 
cylindrical and has been rotated, the glass fibers preferably form a stratum of high fiber 
concentration within^he cement lining proximate the metal shell. Preferably, the metal 
shell is an elongate tube, -and at least 30% of the glass fibers have their long dimension 
5 oriented within 30 degrees of the parallel to the plane of the local area. 

DETAILED DESCRIFnON OF THE imrENTlON 
The cements useful in the present invention include portland type cements, particularl y 
those^identifigdbyJi^e^A^ Institute as G-type and K-typ e. two types of 

cemennised^priniarily-to-fi^ The ideal cement would have no change in 

10 dimension as it sets; however, real cements tend to expand (K-type) or shrink (G-type) 
during curing. The cement Jaygr jnclu desa fi m atjgri^^ the ceme nt more 
resistant t o crack ^ pagation, and the pipe s are lined with this material to better res ist 
corrosion ^d failure. The added fibers stop the propagation of cracks within the 
cement. Other cements that can be used in this invention include the quick setting high 

15 alumina-content non-portiand type cements. 

Primarily because it expands as it cures, K-type cement is particularly preferred as the 
cement in this invention. Any cracks that might have been formed in the cement due 
to jarring or dry shrinkage, or other reasons, are squeezed out by the release of 
compressive strain resulting from the expansion of the cement upon cure. Although the 
20 added fibers tend to increase the tensile strength of K-type cement, they do not increase 
the tensile strength of G-type cement. However, G-type cement is useful in this 
invention because the fibers stop the propagation of cracks in the cement, rather than 
providing added tensile strength. 

In addition to ce m git, fibers^ ^a nd, of course, added water, the^corrygositic^isj^ 
25 invention_als0jiicluri^ ^ aggregate. The preferred non-fibrous aggregate 

used in the cement of the present invention is silica flour. The silica flour does not 
hydrate when the cement slurry is formed and comprises between about 85 wt% and 100 
wt% silica particles (Si02) averaging fi-om about 1 to 100 microns in size of particles 
of varying sizes. A typical mixture comprises 10% particles smaller than 3.2 microns, 
30 50% smaller than 18.4 microns, and 90% smaller than 61,8 microns. The silica flour 
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provides added resistance to carbonation to the mixture. It is greatly preferred that 'the 
silica flour particles be as rough as possible, and silica flour made from smooth, round 
particles is preferably avoided. Between about one-half part an^jwoparts^^^ 
between^^ouLAree"quarterr"oLa-^ and ong ^^^ndjong^qi^^ silica fl ojj.r is 

5 added to^Jhreejg rts of G-type cem CT t, the parts measur ^l ^s volunie, and the tw p 
ingr ^ents thoroughly mixed together^ drv p owders. Then, the mixture is hydrated 
with added water to make an aqueous slurry. Preferably, the fibers are then added to 
the aqueous slurry. 

Preferred fibers can be either micro fibers or macro fibers. Micro fibers have a 

10 diameter between about 30 fi and 200 fi and an aspect ratio (the ratio of diameter to 
length) between about 20 and 500 to 1. Macro fibers have a diameter between about 
50 /i and 500 fi and an aspect ratio between about 20 and 500 to 1. The ranges of 
dimensions for micro fibers and macro fibers as defined above overlap because any batch 
of fibrous material will contain a wide range of sizes of particles. However, micro 

15. fibers will have a median diameter of between about 100 fi and 125 /i and the macro 
fibers will have a median diameter between about 225 ^ and 275 fi. Preferred micro 
fibers include WoUastonite (CaO^SiOa) and preferred macro fibers include glass fibers. 
Although less preferred, other fibers of the same dimensions, for example, metal fibers, 
preferably metal fibers that resist corrosion such as titanium fibers, fibrous minerals, for 

20 example asbestos, and other fibers, such as graphite fibers, can also be used in the 
compositions of this invention. Preferred fibers will not hydrate in the slurry. The 
preferred macro fibers are fine glass fibers fused together into bundles of many parallel 
fibers. It is the bundles, not the individual component fibers, that have the preferred 
dimensions, including aspect ratios between 20 to 500 to 1, having diameters between 

25 about 30/i and 200/x, and lengths between 3mm (approx. 1/8 in.) and 12 mm (approx. 
1/2 in.). The preferred size is approximately 6mm having an aspect ratio between about 
200: 1 and 300: 1. Sources of fibers meeting these specifications are, for the glass fibers, 
Chem-Fil Ltd.; Merseyside, England, U.K., and Thalco; City of Commerce, CA, 
U.S. A, and for the WoUastonite, Prescott & Co.; Mississaugo, Ont., Canada. These 

30 fibers are added to the premixed slurry. 
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Although the fibers can be added at any time during the formulation of the cement, it 
is gready preferred to add them to the cement slurry after the slurry has been premixed 
for between about 2 and 5 minutes. An amount between about 0.5 wt% and 10 wt%, 
the preferred amount being between about 1 wt% and 4 wt%, with about 1 wt% being 
5 the most preferred, of fibers are added to the cement, when the wt% is based on the 
weights of the dry materials. The preferred concentration of the preferred fibers is about 
2 wt% of 6mm fibers. Higher concentrations of fibers, particularly higher 
concentrations of macro fibers, tend to result in the fibers clumping together in the 
slurry. This clumping creates a hard-to-handle slurry. Furthermore, the benefit of 
10 adding fibers seems to taper off for concentrations greater than 10 wt%. Therefore, it 
is preferred that the micro fibers be added to the slurry in the same concentrations as the 
macro fibers. 

Although the invention is not bound by any particular theory of operation, it is now 
believed that, among other functions, the fibers help to distribute the stresses induced 
15 by the volume change of the cement as it cures. Shrinking occurs with no n-expansive 
cements^^Jypiffll W ocemjing during the curing phase and varying, with the_cement use d, 
th e amount of water used in the cement slurry, and the extent of post cure dryin g. 
Shrinkage even occurs with expansive cements if the cement is allowed to completely 
dry in the post curing phase. Furthermore, cracks introduced from rough handling 
20 during storage and shipping are prevented from propagating by the addition of either the 
micro fibers or macro fibers. 



Enough slurry is placed into the pipe to cover the interior surface of the pipe with 
between about 1/8 inch and 1/2 inch, preferably between 1/4 inch and 3/8 inch, cement 
slurry. If the pipe is cylindrical, it can be rapidly rotated around its longitudinal axis 
25 to distribute the slurry evenly throughout the interior of the pipe. In the case of the 
rotated pipe, the pipe is preferably rotated rapidly enough to generate a force of at least 
1.5 G (where G is the force of gravity at the surface of the earth), and preferably greater 
than 2 G at the interior surface of the pipe. If the pipe is of some other configuration 
than cylindrical, the slurry can be spread by other conventional cement spreading means 
30 and left to cure. 
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The pipe joints and conduit made joining the pipe joints made by the method of this 
invention is characterized by an outer shell, preferably a metal shell, usually a steel pipe, 
with a cementitious layer lining the inside surface of the pipe. If the pipe is prepared 
by the rotating method outlined above the fibers added to the cement tend to form a 
5 stratum proximate the metal shell. The fibers of the spun pipes tend to lie parallel to 
a local plane defined by extending radii from the axis of the pipe to the liner, the angle 
between the radii not exceeding about 5 degrees. Although the local area is not planar, 
the fibers will be aligned to within about 30 degrees of the plane of the area. At least 
30%, preferably 50%, and most preferably more than 60%, of the fibers in the stratum 
10 will be aligned to within about 30% of the local area. 



The invention is further described by the following example, which is illustrative of 
various aspects of the invention and is not intended as limiting the scope of the invention 
as defined by the appended claims. 

EXAMPLE 

15 This example shows the use of the present invention to make several casing joints which 
were compared to joints made with conventional non-fibrous cements. 

The cement was made by mixing 100 pounds of Type-G cement with about 40 pounds 
of silica flour and mixing batches using a paddle mixer. Fibers were added to the slurry 
in one pound, one and one half pound, and three pound amounts in both 6mm and 12 
20 mm lengths after the slurry had been mixed for about two minutes. It was seen that the 
3% fibers concentrations tended to form clumps and cause difficulties with the 
fabrication equipment. Enough of a batch of cement was placed into metal conduit to 
produce between a 1/4 inch and 5/8 inch lining. The resulting pipe section joints 
produced were stored for three to four weeks before installation. Then the joints were 
25 inspected by inserting a video camera down into the pipes. The video image showed 
significanUy fewer cracks for the fibrous lined pipes than for similar pipes made with 
conventional, non-fibrous cement. 
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The joints were then placed into use at a geothermal brine production well and a 
geothermal brine injection well near the bottom of both well strings to test-the most 
severe environment in both wells. 

The preliminary analysis of the cement liners indicated that fiber concentrations greater 
5 than about 1 wt% seemed to interfere with the ability of the cement to bond with the 
metal liner. This is considered to be a rheology problem which allows the fibers to 
concentrate at or near the pipe/liner interface. The video inspection of the pipes 
indicated that fewer cracks had formed than would be expected for conventional pipes. 
Visual microscopic analysis of small sections of the liner indicated that the fibers in the 
10 rotated liners are concentrated near the metal-to-liner junction, with a very high local 
loading of fibers, the local loading frequently being greater than 6%. 

Although this invention has been primarily described in terms of a specific example and 
embodiments thereof, it is evident that the foregoing description will suggest many 
alternatives, modifications, and variations to those of ordinary skill in the art. 
15 Accordingly, the appended claims are intended to embrace as being within the spirit and 
scope of invention all such alternatives, modifications, and variations. 
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CLAIMS 



1. A lining for metal pipes comprising cement, between about 1 to 10 dry 
wt% glass fibers, and between 25 and 50 wt% silica flour added to the cement. 

2. The lining of claim 1 wherein the cement comprises a G-type cement. 

3. The lining of claim 1 wherein the cement comprises a K-type cement. 

4. The lining of claim 1 wherein the fibers are macro fibers. 

5. The lining of claim 4 wherein the macro fibers consist of bundles of 
fine glass fibers. 

6. The lining of claim 1 wherein the fibers are micro fibers. 

7. The lining of claim 6 wherein the micro fibers consist of Wollastonite. 

8. The lining of claim 7 wherein the bundles of glass fibers are between 
3 and 20 mm long. 

9. The lining of claim 7 wherein the glass fibers are between 3 and 10 

mm long. 



15 10. The lining of claim 1 wherein the particles comprising the silica flour 

are between about 1 and 100 microns in diameter. 

11. A method for making cement lined pipes comprising: 

hydrating a dry mixture comprising between 50 and 75 wt% 
cement and between 25 and 50 wt% silica flour enough to form a homogenous slurry; 
20 adding glass fibers; 

mixing the slurry until the glass fibers are evenly mixed throughout 

the slurry; and 
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placing the cement slurry on the interior surface of metal pipes. 

12. The method of claim 11 wherein the pipes are cylindrical. 

13. The method of claim 12 wherein the placing step comprises rotating 
the pipes rapidly enough to force the slurry onto the interior surface of the pipe. 

5 14. The method of claim 12 further comprising the step of rotating the 

pipes rapidly enough to produce a force at least 1.5 G. 

15. The method of claim 11 wherein the cement is G-type cement. 

16. The method of claim 11 wherein the cement is K-type cement. 

17. The method of claim 11 wherein the fibers are micro fibers. 

10 18. The method of claim 17 wherein the micro fibers are Wollastonite 

fibers. 

19. The method of claim 11 wherein the fibers are macro fibers. 

20. The method of claim 19 wherein the macro fibers are bundles of fine 

glass fibers. 

15 21. The method of claim 20 wherein the glass fibers are between 3 and 

20 mm long. 

22. The method of claim 21 wherein the glass fibers have an aspect ratio 
between about 200: 1 and 300: 1 . 

23. The method of claim 11 wherein the fibers are added after the slurry 
20 has been formed. 
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24, The method of claim 23 wherein the slurry is mixed for at le^st 2 
minutes before adding the fibers. 



25. The method of claim 11 wherein the slurry is mixed for at least five 
minutes before being placed on the interior surface of a pipe. 

5 26. The method of claim 1 1 wherein enough cement lining material is 

placed in the pipe to result in a lining between about 1/8 inch and 1/2 inch thick. 

27. A conduit for containing corrosive liquids comprising: 
an outer metal shell; and 

a cement lining attached to the interior surface of the shell, said lining 
10 including at least some fibers. 

28. The conduit of claim 27 wherein the outer metal shell is cylindrical. 

29. The conduit of claim 26 wherein the conduit contains fibers forming 
a stratum within the cement lining proximate the metal sheU, at least 30 % of the glass 
fibers having the long dimension oriented substantially parallel to the longitudinal axis 

15 of the metal sheU. 

30. The conduit of claim 27 wherein the cement is cured G-type cement. 

31. The conduit of claim 27 wherein the cement is cured K-type cement. 

32. The conduit of claim 27 wherein the cement lining is between about 
1/8 inch and 1/2 inch thick. 



20 33, The conduit of claim 32 wherein the cement lining is between about 

1/4 inch and 3/8 inch thick. 
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